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                                PREFACE
     Lignm, one of the principal source of the aromatic ring in nature, is
a major constituent of cell walls in vascular plants, and a most abundant
organic substance next to cellulose on earth. The microbial degradation
of lignin holds an important part of the earth's carbon cycle. Lignin bio-
degradation is a slow process in natura! environmentsr and lignin carbons
                                           1are known to be incorporated Å}nto soil humus . Woody plants are maÅ}nly
degraded by the fungi, which are classified as white-rotter(Basidiomycetes
              '
and a few Ascomycetes)r brown-rotter(Basidiomycetes) and soft-rotter(Fungi
imperfecti and Ascomyce'tes) based on' the types of decay2'3. of theser
white-rot fungÅ} are the most efficient lignin degraders in nature. Some
bacteria(Nocardiar Streptrnyces) and soU fungi(Fusaria, Aspergillus) are
                                  3also known to degrade lignin partÅ}y .
     The knowledge of the lignin biodegradation and transformation has
                                            3-5 . .great!y advanced during the past several yeaTs .
                                                            Interests lnMoreoverr
the application of bio-lignÅ}nolytic systems has been considerably increased;
especiallyr attention has been given to bio--mechanical pulping and waste
treatment2'6. However, elucidation of the chemÅ}stry and biochemistry of
lignin biodegradation by fungi is rather a difficuit task because of the
struct pral complexity of lÅ}gnin polymer and unigue nature of its degrada-
tion. Ngnin formation is initiated by peroxidase catalyzed oxidation of
p-hydxoxycinnamyl alcohols and followed by non-enzymic random coupling of
          . .7                             . Consequently, lignin po!ymer has neitherthe resultzng radical speci s
optical activity, crystaliinÅ}ty nor regularity in contrast to other natural
polymers.
     rn these circumstanges, studies with lignin subs,tructure mode! com-•
pounds have consÅ}derably contributed to the understanding of the lignin
                                    -l--
biodegradation. Lignin contains various linkages between phenylpropane
units such as arylglycerol-B(ct)-aryl ether[B(ct)-0-4'], phenylcoumaran[B-5'],
diarylpropane[B-l'], resÅ}nol[B-B'], biphenyl[5-5'], and diphenyl ether[4-0-
s']8. The B-aryl ether dimer has often been used by many workers3, because
this substructure is most abundant in Zignin.
     In l979, the present author started degradation studies using d,Z--sy-
rcingaresinol as a substrate and a soU fungus 17zasariutn soZani M-l3-l as a
degrader. At that time, degradation pathway for this substructure by fungi
was not known and vanillic acid and vanillin had been repoxted as degrada-
                                                     9tÅ}on products of d,Z-pinoresinol by two white-rot fungi . d,Z-Syringaresi-
nol, a B-B' linked dimer, is one of the important structural units in hard--
wood lignin. Occurcrence of this substructure has been evidenced by its
                                                        ll.                 10isolation as a hydrolysis product of hardwood and bamboo lignzns. The
frequency of B-B' linkage in lignin has been estimated to be 3e-e for birch
lignin and 5-eo for beech lignin based on the acidolysis and thioacetolysis
studies, respectivelyl2. The corresponding guaiacyi compound, d.Z-pinore-
sinolr has not been found in the acidolysÅ}s mixture of softwood or hardwood
                C-NMR spectrum of spruce wood lÅ}gn-n also indLcated a veryThe1ignin.
                            13
                               :only two groups reported the occurrence offew content of this structure
this unit in softwood iignini4'i5. Hence, in the present investigation,
d.Z-syringaresinol was mainly used as a model representing the B-B' linked
substructure in hardwood lignin.
     First of all, an improved synthetic method for sinapyl alcohol was de-
vised because d.Z--syringaresinol is readUy obtained by dehydrogenation of
                                                       16
                                                         (Chapter I).the alcohol with peroxidase and hydrogen peroxide system
     In Chapter I!, the results of degradation of d, Z-syringaresinol by F.
soZani M-13-l was discussed. The fungus was isolated frorn soil by an en-
richment culture method using DHP(dehydrogenation polymer of coniferyl
                                  -2-
aicohoif a synthetic iignin) as a soie carbon sourcei7. oxidation of the
substrate by peroxidase/H202 was also examined and discussed in relation
to the fungal degradation. The degradation studies with Z7. solana were
extended using a trimeric lignin model compound composed of B-0-4' and sy-
ringaresinol substructuresr the synthesis of which was described in Chapter
I. It was expected that the use of higher oligolignols Å}n biodegradation
would provide missing links in the degradation process between dUignols
and lignin.
     Xn Chapter M, investigation on the degradation of d,Z--syringaresinol
and d,Z-pinoresinol by a white-rot fungus PhaneToehaete chrysospoTizan (=
Spox7otntehum puZvemtZentwn ) was deseribed. P. c.hor?yso$poTizun is the most
extensiveiy studied white--rotter in thÅ}s fieid4'5. cuiture parameters af-
fecting the ligninolytic activity in the fungus have been elucidated by
Kirk and his co-workersi8-2i. Degradation studies with modei compounds
were conducted using the optimized ligninolytic cuitures of this fungus22.
Cellulose degradation by the fungus has been investiga#ed by Eriksson's
     23groUP •
                  '
     Biphenyl linkage(5-5' linkage) is also one of the important substruc-
tures in 1Å}gnin and the frequency has been estimated to be 100-. for spruce
1Å}gnin and 4.so-. for birch ligninl2. [phe relative resistance oE this sub-
structure to fungai attack has been demonstrated24. As an eariier study
indicated25
, guaiacyl model compounds including d,Z-pinoresinoi are largely
condensed to give biphenyl dirners as major products in fungal cultures pro-
ducing phenol-oxidizing enzymes. The degradation of the bÅ}phenyl compound
was presumed to be qlosely related to the aromatic ring cleavage, and there-
foret degradation of biphenyl models, by P. ch?ysospo?izml was also investi-
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                 CHAPTER I
  SYNTHESES OF d,Z-SYRINGARES!NOL AND
GUAIACYLGLYCEROZ,-B-SYRINGARESXNOL ETHER
                             INTRODUCNON
      The useful synthetic method for 2,6--diaryl-3,7ny-dioxabicyclo[3,3rO]-
octane type Ugnans has recently been reported by Fujimoto et aZ. with spe-
cial interests in d,Z-pinoresinol synthesisl. 'Nevertheless, dehydrogena--
tion of sinapyl alcohol with peroxidase and hydrogen peroxide system is
most convenient for preparation of d, Z-syringaresinol ; this procedure gives
                                               .tl
                                       2the desired compound in about 900-Q yield . . However, usual synthetic method
                                                                   'Eor sinapyl alcohol results in low yield3. Accordingly, an improved syn-
thetic method for the alcohol was devised in connection with d,Z-syringa-
resinol synthesis.
      The general synthetic method for lignin substructure model compounds
via B--hydroxy ester as a key intermediate has been developed by Nakatsubo .
By the method, Nakatsubo and hÅ}s co-workers synthesized various dimeric and
trimeric model compounds including arylglycerol-3-aryl ether, phenylcouma-
ranr diarylpropane and pinoresinol. In the present Chapter, a trimeric
lignin model compound composed of B-0-4 and syringaresinol substructures
was also synthesized b. y a-pplication of the method. [ffhe fre(luency of B-0-4
linkage in lignin substructures has been estimated to be about 500-o for
                        . ,5spruce and beech wood lzgmn . Guaia'cylglycerol--B-syrÅ}ngaresinol ether
thus synthesized is considered to be a good model for hardwood lÅ}gnin;
this trilignol has been isolated frorn Yachidamo wood as a hydrolysis prod-
   6
uct .
                                    -6-
      d, Z-SyrÅ}ngaresÅ}nol synthesized was used in the degradation studies
in Chapter rl and ]-. Guaiacylglycerol-B-syringaresinol ether and its
syringyl analogr syrÅ}ngylglycerol-B-syringaresinol ether, were used as
substrates in Chapter IZ.
                         RESULTS AND DISCUSSION
      Sinapyl alcohol has been synthesized by the method descrÅ}bed by
Freudenberg et aZ.3 which involves the reduction of ethyl 4-0-acetyl sinap-
ate to the alcohol in low yield(40-470-e). Therefore, attention was focus-
ed to find a protecting gscoup for the phenolic hydroxyl group which is sta-
ble for lithium aluminium hydride reduction and easily deprotected by sub-
sequent treatment to give desired al.gohol in good y;g.ld. As. shg. vyl.i in Fig•1
                                           . P,
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                        Fig.1. Synthetic route for d,Z-syringaresinol(v)
methyl sinapateÅqI) prepared by condensation of syringaldehyde and malonic
                                    -7-
r
acid and subsequent esteriEication,was converted to its ethoxyethyl ether
(II) by treatment with ethyl vinyl ether'and D,L--camphorsulfonic acid for
l5-20 min at OOC in about 90e-o yield. Ethyl vinyl ether was selected as
a reagent in consideration gf the steric environment of the phenolic hy-
droxyl..group :both o?tho-positions are substituted .with methoxyl groups.
2t3-Dihydropyran was found not to be suitable because of the sterÅ}c hin-
drance. Reduction of Ir to the alcohol II wÅ}th lithium alumÅ}nium hydride
in anhydrous tetrahydrofuran(THF) at -350C proceeded smoothly, ailthough
srnall arnounts of impurities were detected by TLC analysis. The resultÅ}ng
alcohol was immediately subjected to mild hydrolysis in THF-water(9:1,v/v)
mixture using pyridinium p-toluenesulfonate(PPTS) as a catalyst for 70 min
at room temperature;PPTS has been reported as a mild and efficient cata-
lyst for the deprotection of tetscahydropyranyl ethers7. crude sinapyl al-
                                                              '
cohol thus obtained was used directly to prepare d.Z-syringaresinol(V) with
peyoxidase/H202• All steps of this procedure described here were conduct-
ed successively. FÅ}gure 2 shows IH-NMR spectrurn of d,Z-syringaresinol di-
                                                                    '







                                           6{ppm)
Fig.2. IH-NbcR spectrum of d.Z-syringaresinol diacetate
-8-
       In the present synthesis, sinapyl alcohol was not isolated in crys-
taUine formr but this method was found to be suÅ}table for d.Z-syringaresi-
                         , .. .8nol synthesis ; overall yi'eld of V frorn U was 66.50x..                                                     mod-ticationsSo e
wÅ}ll be needed for preparation of pure sinapyl alcohol in high yield.
       Synthetic route for guaiacylglycerole-B-syringaresinol ether(Å~) is
shown in Fig. 3. Syringaresinol(V) was converted to its monobenzyl ether
(VI) by treatment with benzy! chloride, KI and NaH in IV,iV-dimethylformamide
(DMF) at 500C, but the yield of the product was iow(about 50e-e) because the
two pheno!ic hydroxyl groups are synthetically eguivalent and have the same
reactivity. Attempts to devise an improved method are now in progress.
                                   v
                                      OCH3
                                        OBzt
                                     o
                                        CH3
                            deco
                             HO vr
                                OCH3
                           ..vit E st
                                                     ngco o O
                                               B,Lo-lll21.i,(:" Oi"3, iXe'"3 z.,
                                                     H3co e o
                                                       ox
                                                HoeoH cH3
                                                   oCH3
   Fig. 3. Synthetic route for guaiacylglycerol-B-syrÅ}ngaresinol ether(X)
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The monobenzyl ether(VX) was converted to the ct-phenoxy acetate derivative
 (VU) by treatment with methyl monochloroaeetate, KI and K2C03 in acetone
at reElux temperature in a high yield. Condensation ofi Vr! wÅ}th benzyl
   . .9vanillm by the use of lithium diisopropylamide(LDA) in anhydrous THF be-
                                                                     'low -720C afforded the expected B-hydroxy ester(V]I);eceythro(V]Ie) and
th?eo(VE[t) forms with a ratio of 9:l in about 72e-e total yield. These
isomers were separated by,preparative TLC. The B-hydroxy ester derivative
obtained by the condensation of ethyl 2-methoxyphenoxy acetate with benzyl
vanillin Å}n the presence of LDA has been found to be a mixture of evythwo/
                   9thr)eo(3:l) isomers . [[he present result can be ascribed to the partici-
pation of the six-membered transition state which favors for the evyth?o
form than the othex under the influence of additional steric hindrance by
the syringyl nucleus.. In the present synthesis, the e?ythpmo product(VMe)
was used for the subsequent steps. Reduction of Vll[ with lithium aluminium
hydride in anhydrous THF at 500C gave diol derivative(IX) in 85.4e-o yield.
Finally, the desired trUignol(X) was obtained by catalytic hydrogenation
on IOO-o palladium/carbon Å}n methanol-dioxan6(3:l) mixture with about 90exo
yieid.
       The mass spectrum of X did not show molecular ion peak (M+), but the
tetraacetate of X showed its D4+ at m/g 782 in the mass spectrum. The spec-
troscopic data, uv, !R, IH-NMR(acetate, 90 MHz) and Ms(acetate) of x were
in good agreement with those of the compound isolated as a hydrolysis prod-
                    6uct of Yachidamo wood . The previously assigned structure was thus con-
firmed by the present synthesis.
                                                   '
       Trilignol X as a substrate for degradation studies was synthesÅ}zed
without separation of the B-hydroxy ester intermediate. Figure 4 shows
[1-
 H--NMR spectrum(200 MHz) of X(eyyth17o/thveeo mixture) tetraacetate.
-IO-
  mv=ÅqUmO o
ka s-.
Y'q.1 n






































































                             EXPERZMENTAL
      AII melting poip. ts were uncorrected. A Hitachi model 200--20 double
beam spectrometer and a Jasco XR-S were used for UV and IR spectra, respec-
tively. H-NMR spectra(90 MHz) were taken by the use of a Hitachz R-22
                                                                    lhigh resoiution mm spectrometer usÅ}ng TMS as an internal standard. H-
NbdiR(2oo MHz) and l3c-NMR(so bcHz) spectra were measuxed with a variem XL-200
mn spectrometer. Chemical shifts and coupling constants(J) are given as
6 values and Hz, respectively. Mass spectra were run on a Shimadzu-IKB
9000 gas chromatograph-mass spectrometer(70 eV). PreparatÅ}ve TLC was done
wÅ}th sil"ca gel TLC plates coated with Kieselgel PF2s4(MerCk)•
       MethyZ sinapate(O
       This compound was synthesized from syringaldehyde by condensation
with malonic acid in dry pyridine in the presence of piperidine and anilin
at 500C, and subsequent esterification with methanol in the presence of p-
                                            IO 'toluenesulfonic acid and 2,2-dimethoxypropane at reflux temperature.
       Mp. sg.o-sg.sOc. IR vKBr cm'-1:335o, 2930, l724, l707, 1607,1521
                              max
991. IH'NMR(90 MHz, CDC13) 6(p:pm) :3.77(3H,S,y-COOCH3)r3•88(6H,SrAr-OCH3),
5•82(IH,StAr-OH)r 6-22(IHtdrJ=16 HZr B'CH'-), 6•68(2HrS,Ar-H)r 7•51(IHtdrJ=
16 Hz, ct--CH-).
       MethyZ 4-0-(ct•-ethoxy)ethyl sinapaterfW
       Ethyl vinyl ether(3.8 ml) and camphorsuÅ}fonic acid(150 mg) were add-
ed to a stirred so!ution of methyl sinapate(4.76 g, 20 mmol) in 30 ml of
methylene chloride dried over alumina(VVoelm B, Akt l) at OOC. After stir-
ring for l5 min, O.l ml of triethylamine was added and the reactJon mixturce
was partitioned between ethyl acetate and a saturated NaHC03 solution. The
organic layer was washed with a saturated NaCl solution, drÅ}ed ovGr -Na2S04
-l2-
and evaporated under reduced pressure to give a crystalline resÅ}due which
was recrystallized from n-hexane and rnethylene chlorÅ}de(5.47 g, 88.10-o).
                                                                  1
       KBr -1
       MP• 89-900C• IR V CM :2830, 1726r l638r 1585r 1033- H"NMR
                          max
(90 MHZr CDC13) 6(PPM) : l•l6 (3H,trJ=7•2 HZ, -'OCH2C!l.3), l•47(3HrdrJ :5•3 HZt
'- CHCil.3)t 3•77(3H,StY-'COOCH3)r 3•84(6H,StAr-'OCH3)r 3•40-4•16(2H,Mr-OCE,2CH3)t
5•26(IH,Cl[rJ=5-3 HZ, -CI!CH3)t 6•28(IHrdtJ=l6 HZr B-CH'-')r 6-68(2HtSrAr-H), 7•54
(IHrdtJ=16 HZr ct-CH-)•
       4-O-(ct-ethoxy)ethyZ sanapyZ aZeohoZrU)
                                              '
       To a stirred solution of LiAIH4(758 mg, 20 mmol) suspended in 35 ml
of anhydrous THF, 6.21 g(20.mmol) of compound U Å}n 35 ml of anhydrous THF
was added dropwise over a period of 50 min at --350C under nitrogen. After
                                                            '
additional stirring for 30 min, excess hydride was decomposed by the addi-
tion oE THF-water mixture at OOC, and the reaction mixture was partitÅ}gned
between ethyl acetate and water. The organic layer was washed with a sat-
urated NaCl solution, drÅ}ed over Na2S04 and evaporated under reduced pyes-
sure to give a slightly'yellow oil which was used without any purification
Eor the next step. A part of the oil was purified by preparative TLC for
               lraeasurement of H-N](R spectrurn.
       [l-
        H-NMR(90 MHZ, CDC13) 6(PPM) :1•18(3HrtrJ"7•2 HZ, -OCH2CII,3)r 1•48(3Ht
d,J==5.3 Hz, --CHCg3), 3.85(6H,s,Ar-OCH3), 3.52 -- 4.I6(2H,m,--OCg2CH3), 4•3O(2Hr
d,J= 5 HZ, Y-CH2"), 5•24 (IHfqrJ :5•3 HZ, -CUCH3)t 6•24 (!Htddrlr= 15•5r 5 HZrB-CH-),
6.54(IH,d,J= l5.5 Hz, ct-CH-), 6.58 (2H,s,Ar-H).
       d. Z-SyTingaTesanoZ rW
       Ethoxyethyl sinapyl aicohol(I[[) obtained above was dissolved in a
mixture of THF-water(9:1, 10 ml), and pyridinium p-toluenesulfonate(778mg,
2.5 mmol) was added. After stirring for 70 min at room temperature under
nitrogenr U[ was almost converted to sinapyl a!cohol(IV) as judged by TLC.
                                   -l3-
The reaction mixture was then added to a stirred solution of houcseradish
peroxidase(8 mg, Crude; Sigma) Å}n distilled water(500 ml), and 70 ml of 10xe
H202 was added slowly to the solution. After stirring for 4 h at room
temperature, the solution was saturated with NaCl and extracted wÅ}th four-
150 ml portions of methylene chloride. The oxganic layer was washed with
a saturated NaCl solution, dried over Na2S04 and evaporated under reduced
pressure to give a crude product from which 907 mg of crude cry'stals oi V
were separated. The residue was subjected to columm chromatography(Wako-
gel C--IOO, 120 g;3.5Å~21 cm) eluted with 2.5e-o methanol in methylene chlo-
ride. By' this procedure, 2.784 g of V was obtained as slightly yellow
crystals(overaÅ}l yield from !I was 66.59o).
                            KBr -1
       MP• 175-l76eC• IR v CM :3500r 2940r 2860t 1610, 1460r l425t
                            max.
                         I1375r l320r l205r lllO• H-NMR(90 MHZ, CDCI3) 6(PPM) :3•1(2HtMrB-CH-), '
3•90 (12H,SiAr-'"OCH3), 3•86 -" 4•40 (4HrMrY-'CH2-)r 4•73 (2Hrd,J :4 HZr ct-CH-)r 5•59
(2H,s,Ar-OH), 6.57(4H,s,Ar-H). (acetate) (200 bC[Hz, CDC13) : 2.34(6H,srAr-
OCOCH3)r 3•IO(2HtMrB-CH-), 3•83(12HtS,Ar-OCH3)t 3•95(2HrddrJ=9t2r 3•7 HZrY"-
CHaxial)' 4'31(2H'ddtJ=9'2' 6'9 HZ, Y-CHequatorial)r 4'77(2Htd,J=4'2 HZr ct-
CH-)r 6-59(4H,SrAr-H)• MS M/g(O'e) : 418(M+r 85.6)t 251(6•3), 235(12•6),221
(IO•8)t 210(l8•9)r 208(ll•7)r 205(l3•5)r l93(32•4)r l81(IOO)r 175(9), l67
                                             +(92), l61(38.7), l54(30.6). (acetate) :502(M , 2), 460(33.3), 418(100),
264(2)r 251(3-6)t 235(6•8)r 221(4), 210(11•2)r 209(9-2), 205(5•6), l93(l7-7)r
l81(35•1)r l67(36•l), 161(ll-6)t 154(9•6)-
       Syninga?esinoZ monobengyZ ether(ve)
       A mixture oE benzyl chloride(80 pl, O.7 mmol) and KI(ll6 mg, O.7 mmol)
in 8 ml oÅí D}ejlll(dried over molecular sÅ}eve 4A) was stirred for 30 min at
room temperature under nitrogen. d.Z-Syringaresinol(209 rng, O.5 mmol) and
NaH(24 mg, 1 mmol) were added to the solution, and the mixture was warrned
-14.-
up to 500C and stirred for additional 6 h. The reaction mixture was then
poured onto water(30 ml), aciditied to pH 4 with 1NHCI and extracted four-
60 ml portions of ethyl ether. The organic layer was washed with a sat-.
urated NaCl solution, dried over Na2S04 and evaporated under reduced pres--
sure to give a brown residue which was subjected to preparative TLC(ethyl
acetate :n-hexane, 4:5, v/v) yielding l22.7 mg of the expected monobenzyl
ether(VI, 48.20-e), 51.7 mg of dibenzyl ether(l7.20-e) and 64 mg of starting
material.
       I
        H"NMR(90 MHz, CDC13) 6(ppm) :3.I(2H,m,B,B'-CH-), 3.85(6H,s) and 3.90
(6HrS) (Ar"-OCH3), 3•89 - 4.17(4HtrnrY,Y'-CH2'), 4•74 (2Hrbr dtJ=3 HZ, ct,ct'-CH-"),
4•99(2HrS,Ar'-'CH2-)r 5•61(IH,SrAr-OH)r 6•57(4H,SrAr-H) and 7.I9 -" 7.56(5H,m,
Ar-H).
       ct-Phenoxy aeetate(Vfl)
       A mixture of monobenzyl ether(VI)(I05 mg, O.21 mmol), K2C03(30•4 mg,
O.22 rnmel), KI(36.5 mg, O.22 mmol) and CICH2COOCH3(l9 pl, O.22 mmol) in 6.5
ml of acetone was stirred overnight at reflux temperatuace. After cooling
to room temperature, inorganic salts were filtered off and washed with
acetone. The combined filtrate and washings were evaporated under reduced
pressure to give a residue which was dissolved in ethyl acetate. The ethyl
acetate solution was washed with a saturated NaCl solution, dried over Na2S04e
Removai of the solvent gave a ctude syrap of VII which was purified by pre-
parative TLC(ethyl acetate:n-hexane, 1:l, v/v) to yield 115.3 mg of VII
                 '
                           ' (96.IO-.).
       xR vilillltlCl2 cm"l:l77o. IH-NMR(go MHz, cDc13) 6(pl)m) :3•1(2HrmrB,
B'-CH--), 3.79(3H,s,-COOCH3), 3.83(6H,s) and 3.86(6H,s) (Ar-OCH3), 3.92 -4.43
 (4HrMrYrY'-CH2-'), 4•60(2HrSr-'CH2-)r 4.73(2HrdrJ=4 HZ, cttct'kCH')r 4•98(2HrS,
Ar-CH2'-)r 6-54 (4HrS,Ar'-H)r 7.26 - 7.56 (5H,MrAr-H).
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